Obstructive sleep apnea (OSA) syndrome is a chronic disease characterized by episodes of upper airway collapse and has been associated with increased cardiovascular morbidity. Clinical and epidemiological studies have shown that OSA and obesity are strongly associated. Aim To assess the extent of reduction of the retroglossal (RG) transverse pharyngeal diameter during Muller maneuver (MM) in patients with OSA and its relation to the degree of OSA and their possible cutoff values for the diagnosis of OSA and its severity.
Background
Obstructive sleep apnea (OSA) syndrome is a chronic disease characterized by episodes of upper airway collapse and has been associated with increased cardiovascular morbidity. Clinical and epidemiological studies have shown that OSA and obesity are strongly associated. Aim To assess the extent of reduction of the retroglossal (RG) transverse pharyngeal diameter during Muller maneuver (MM) in patients with OSA and its relation to the degree of OSA and their possible cutoff values for the diagnosis of OSA and its severity.
Patients and methods A total of 288 adults were included on the basis of having at least one of the major OSA symptoms. Polysomnography was performed to confirm diagnosis and classify patients into mild, moderate, and severe groups regarding apnea-hypopnea index. Anthropometric indices such as BMI and neck circumference (NC) were measured for all included patients. Submental ultrasound (US) was performed to measure RG transverse pharyngeal diameter airspace during normal tidal breathing and during MM. Results BMI, apnea-hypopnea index, and NC were significantly higher in severe OSA than mild to moderate or non-OSA patients. Regarding US parameters, tidal RG diameter and post-MM RG diameter were shortest in patients with severe OSA, whereas % decrease in RG diameter after MM was largest in severe OSA than mild-moderate and non-OSA patients, with significant difference. Moreover, the decrease in RG diameter after MM is the most valuable in prediction of OSA and detecting severity (predicting OSA at cutoff value >27%, mild OSA at cutoff value of >27-30%, moderate OSA at cutoff value of >30-38%, and lastly severe OSA at cutoff value >38%).
Conclusion
The % of RG shortening during MM and NC is an independent predictor of OSA.
Introduction
Obstructive sleep apnea (OSA) syndrome is a chronic disease characterized by repeated events of upper airway compromise and has been strongly linked with high cardiovascular morbidity and mortality. Both OSA and obesity are strongly associated [1] .
Submental ultrasonography (US) was able to not only differentiate OSA severity grades but also evaluate the association between OSA severity and pharyngeal parameters [2] .
Previous studies concluded that US can detect the anatomic profile for being at risk of OSA, including tongue thickness and parapharyngeal pad [3, 4] . However, these studies had focused on the static anatomical features rather than the dynamic changes of the pharyngeal space [5] .
We hypothesized that detecting the dynamic changes of the pharyngeal space during tidal breathing and Muller maneuvers (MM) by submental US may reflect both the pharyngeal muscle tone and the neurological control.
Therefore, the aim of the current work was to assess the extent of reduction of the retroglossal (RG) transverse pharyngeal diameter during MM in patients with OSA and its relation to the degree of OSA and their possible cutoff values for the diagnosis of OSA and its severity.
Patients and methods
A cross-sectional study that was conducted at the sleep disorder study unit of Chest Department, Zagazig University Hospital, Egypt, and at Alamin Hospital, Taif, KSA, from January 2017 to February 2019. The study was approved by faculty of medicine, Zagazig University Ethics Committee. A written informed consent was obtained from all participants.
The study included 288 patients suspected to have OSA (by STOP BANG score) [6] and referred for polysomnography (PSG) during the period of the study, with confirmed diagnosis of OSA in 192 patients and 96 patients without OSA.
Exclusion criteria were patient refusal to participate, presence of decompensated heart failure, clinical and/ or functional evidence of chronic pulmonary disease, neurologic disease, evidence of active infection, or recent surgery.
After signing an informed consent, the following was done for all patients:
(1) Thorough medical history and examination including general and local (chest) examination. US examination using a Sono scape SSI 4000 US system (China and Aloka Alfa 7, Japan) was done to assess the RG transverse pharyngeal diameter during normal tidal breathing and during the MM [2] .
US assessment of the dynamic changes [2, 9] :
(1) Patients were educated to practice the MM by a trial of deep inspiration while nose and mouth were closed [9] . (2) Movements of head or shoulder are not allowed during the maneuver. Moreover, measurement should be performed three times in each patient for the airspace on the same level of US-structure composed of tongue, hypoglossal, and geniohyoid muscles. 
Results
The current work included 288 participants, comprising 96 non-OSA patients and 192 patients with OSA, who were categorized as mild (20 patients), moderate (76 patients), and severe (96 patients). Demographics and US characteristics are shown in (Table 1) .
Patients with OSA were older, had more smoker, were more obese, had more ischemic heart disease, had more hypertension, had more diabetics, had larger NC, had shorter tidal RG diameter, and had greater % decrease in post-Muller RG diameter compared with non-OSA.
Regarding dynamic changes, the % RG shortening on MM was significantly higher in patients with OSA.
ROC curve analysis of US parameters in diagnosis of OSA is shown in ( Table 2) . Cutoff value less than or equal to 37 mm of tidal RG diameter showed 73.96, 68.75, and 0.763 sensitivity, specificity, and AUROC, respectively. Moreover, cutoff value less than or equal to 24 mm of post-MM RG diameter showed 66.67, 89.58, and 0.875 sensitivity, specificity, and AUROC, respectively, whereas cut-off value more than 27% decrease in RG diameter after MM showed 83.33, 72.92.75, and 0.850 sensitivity, specificity, and AUROC, respectively, in predicting patients with OSA ( Figure 1 ).
As shown in (Table 3) , BMI, AHI, and NC were higher in patients with severe OSA compared with those with mild/moderate and non-OSA patients. Regarding US parameters, tidal RG diameter and post-MM RG diameter were shortest in patients with severe OSA, whereas % decrease in RG diameter after MM was largest in severe OSA than mild-moderate and non-OSA patients, with significant difference.
The ROC curve of US parameters for differentiating severe OSA patients from mild/moderate cases is shown in (Table 4 ). Cutoff value less than or equal to 36 mm of tidal RG diameter showed 75, 53.13, and 0.650 sensitivity, specificity, and AUROC, respectively. Moreover, cut-off value less than or equal to 20 mm of post-MM RG diameter showed 64.58, 95.83, and 0.791 sensitivity, specificity, and AUROC, respectively, whereas cut-off value more than 38% decrease in RG diameter post-MM showed 69.79, 96.87, and 0.761 sensitivity, specificity, and AUROC, respectively, in identifying severe OSA from mild/moderate OSA ( Figure 2 ).
There is high significant difference when comparing mild/moderate OSA cases versus severe OSA cases as regarding US parameters (P<0.001).
As shown in ( (Table 6 ). Cutoff value more than 34 mm of tidal RG diameter showed 82.89%, 55%, and 0.534 sensitivity, specificity, and AUROC, respectively. Moreover, cutoff value less than or equal to 24 mm of post-MM RG diameter showed 63.16%, 95%, and 0.818, sensitivity, specificity, and AUROC, respectively, whereas cutoff value more than 30% decrease in RG diameter after MM showed 89.47%, 100%, and 0.975 sensitivity, specificity, and AUROC, respectively, in identifying moderate OSA from mild OSA ( Figure 3 ).
There is a significant difference when comparing mild OSA cases versus moderate OSA cases regarding US parameters (MM RG diameter and % decrease in RG diameter) (P<0.001) ( Table 6 ).
The ROC curve of US parameters for comparing moderate OSA cases versus severe OSA cases is shown in (Table 7) , with cutoff value less than or equal to 34 mm of tidal RG diameter showed 48.96%, 82.89%, and 0.671 sensitivity, specificity, and AUROC, respectively. Moreover, cutoff value less than or equal to 20 mm of post-MM RG diameter showed 64.58%, 94.74%, and 0.769 sensitivity, specificity, and AUROC, respectively, whereas cutoff value more than 38% decrease in RG diameter post-MM showed 69.79%, 96.6%, and 0.725 sensitivity, specificity, and AUROC, respectively, in identifying moderate OSA from severe OSA ( Figure 4 ).
There is a significant difference when comparing moderate OSA cases versus severe OSA cases as regarding US parameters (P<0.001).
A cutoff more than 37 mm of tidal RG diameter was found to identify OSA from non-OSA patient with <0.001 95% CI, 95% confidence interval; AUROC, area under receiver operating characteristic curve; MM, Muller maneuver; NPV, negative predictive value; PPV, positive predictive value; RG, retroglossal; SN, sensitivity; SP, specificity. P value less than 0.05 is significant. <0.001 95% CI, 95% confidence interval; AUROC, area under receiver operating characteristic curve; MM, Muller maneuver; NPV, negative predictive value; PPV, positive predictive value; RG, retroglossal; SN, sensitivity; SP, specificity. P value less than 0.05 is significant. mild/moderate OSA at cut-off value less than or equal to 37 mm-more than 36 mm and severe OSA at cut-off value less than or equal to 36 mm. Moreover, cutoff value of more than 24 mm of post-MM RG diameter was found to identify OSA from non-OSA patient with mild/moderate OSA at cut-off value less than or equal to 24 mm-more than 20 mm and severe OSA at cut-off value less than or equal to 20 mm, whereas cutoff value of less than or equal to 27% decrease post-MM RG diameter was found to identify non-OSA from OSA patient with mild OSA at cut-off value more than 27-30%, patient with moderate OSA at cutoff value more than 30-38%, and severe OSA at cut-off value more than 38% (Table 8 ).
Discussion
Although PSG is considered as an essential gold standard tool for screening and diagnosing OSA, it is costly, complex, requires high experience and continuous technical support, and is not readily available in most centers with low resources, so <0.001 95% CI, 95% confidence interval; AUROC, area under receiver operating characteristic curve; MM, Muller maneuver; NPV, negative predictive value; PPV, positive predictive value; RG, retroglossal; SN, sensitivity; SP, specificity. P value less than 0.05 is significant. there is an urge for a simple and cheap screening tool [10, 11] .
Owing to its great sensitivity, US is comparable to fiberoscopy and ultrafast MRI in detecting pharyngeal collapsibility during apnea events [7, 12, 13] .
Although US cannot assess the pharyngeal anteroposterior diameter, the transverse one is more important and became narrower in OSA and can be efficiently assessed by US [8, 14] .
A total of 288 adult patients with at least one of the major OSA symptoms who had undergone anthropometric measures, including NC and BMI, PSG, and submental US, were included in this study.
In the current work, there was an increase in NC and BMI in patients with OSA compared with those without, a highly significant finding that also clarified with increased severity of OSA (with increased AHI, these values were higher). This is in accordance with the study by Hyeon et al. [14] in which NC was considered a valid predictor for the diagnosis of OSA and its severity that is superior to other anthropometric variables such as waist circumference (WC) and BMI as it reflected upper body obesity.
However, unlike the present study, they found that BMI was not significantly different between the groups. These results were also in agreement with previous studies performed by Hoffstein and Mateika [10] , Ogretmenoglu et al. [15] , and Young et al. [16] , who have reported that there was a great association between obesity and OSA, and they also found that patients with OSA compared with those without had a higher BMI, WC, and NC.
Growing evidence concluded that the risk for OSA is more likely in individuals with upper body obesity. This may be attributed to the fact that obesity increases the size of the tongue and upper airways become narrower [17] [18] [19] .
In harmony with Medeiros et al. [20] and Simpson et al. [21] , NC is considered a significant easy measured clue for central obesity pointing to a risk for OSA and considerable cardiac morbidities and insulin resistance.
In line with Young et al. and Kawaguchi et al. [22, 23] , males with OSA in Far East Asia were not obese but had large NC, concluding that NC was highly linked with OSA than obesity.
This can be attributable to the fact that localized neck fat accumulation is highly linked with OSA apart from global obesity and other anthropometric indices. This conclusion may be confirmed in those with shorter and steeper anterior cranial bases like Asians with smaller and more posteriorly positioned mandibles, with craniofacial measures predisposed to narrow upper airways liable to collapse. Thus, NC is a fixed measure in detecting OSA and its severity grades among different ethnic groups [24] .Regarding US findings in the present study, anatomical parameters showed a highly statistically significant decrease in tidal RG pharyngeal diameter and during Mullers maneuver among patients with OSA and with increased OSA severity. Regarding dynamic US parameters, changes in RGD at %MM showed a highly statistically significant increased percentage of shortening and narrowing among patients with OSA than those without (37.42±10.66 vs. 24.88±5.59, respectively) (P<0.001).
Our results came in agreement with Shu et al. [2] , who found RGD on forced inspiration and MM, to be strongly correlated with AHI. Moreover, this is in agreement with Csiszér et al. [25] who found the transverse diameter of the retrolingual region and the retropalatal region decrease in value while increasing the severity of apnea, but these results are in disagreement with Ali et al. [26] who found a nonsignificant statistically increased percentage of shortening and narrowing in RGD at %MM with progressive OSA severity.
In the present study, the cutoff value of more than 27% for the decrease in RG diameter after MM showed the highest sensitivity (83.33%) and the cutoff value of less than or equal to 24 mm for RGD at MM showed the highest specificity (89.58%) in prediction for the presence of OSA.
Moreover, in the current work, the accuracy of US parameters in diagnosis of severe OSA versus mild/ moderate OSA showed the highest sensitivity (75%) of the tidal RG diameter at cutoff value of less than or equal to 36 mm and the decrease in RG diameter after MM at cutoff value more than 38% showed the highest specificity (96.87%).
From the analysis of ROC curve of US parameters, the present study found that OSA can be predicted at cutoff value of less than or equal to 37 mm of tidal RG diameter, cutoff value of less than or equal to 24 mm of post-MM RG diameter, and at cutoff value of more than 27% decrease in RG diameter post-MM.
Moreover, the decrease in RG diameter after MM is the most valuable in prediction of OSA and detecting severity (predicting OSA at cutoff value >27%, mild OSA at cutoff value of >27-30%, moderate OSA at cutoff value of >30-38%, and lastly severe OSA at cutoff value >38%).
The advantage of this study not only to find the role of submental US in prediction of OSA and its severity but also trying to detect cutoff values for RG pharyngeal transverse static and dynamic diameters, which is not assessed in previous studies.
Our study limitations were as follows: first, we did not use a pharyngeal pressure monitor to detect the possible effect changes by MM; second, no comparison was made with US by MRI regarding anatomical findings described; and lastly, other submental US parameters were not assessed for comparison with RG pharyngeal transverse static and dynamic diameters owing to large sample size, with difficulty in assessing different US parameters.
Conclusion
The % of RG shortening during MM and NC are independent predictors for OSA. Thus, concomitant submental US and NC may be used as a promising screening tool for OSA and its severity for possible early intervention.
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